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(54) ELECTRODE FOR FUEL CELL, FUEL CELL INCLUDING THE ELECTRODE AND PROCESS 
FOR PRODUCING THE SAME 



(57) An electrode for fuel cell, such as electrode for 
solid polymerf uel cell, having three-phase Interfaces ar- 
ranged therein in an efficient fashion so as to exhibit en- 
hanced fuel cell characteristics. Inparticular, an elec- 
trode for fuel cell comprising a porous electro-conduc- 
tive material carrying a catalyst and, arranged on the 
surface, including pores, thereof or in Its vicinity, a pro- 



ton-conductive substance characterized in that the 
proton-conductive substance is one obtained by carry- 
ing out coupling or polymerization of a proton-conduc- 
tive substance precursor, a proton-conductive monomer 
or an equivalentthereof on the surface or in the vicinity. 
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Description 

Technical Field 

s [0001 ] The present invention generally relates to an electrode for fuel cell, tor example an electrode for solid polymer 
fuel cell; a fuel cell using the electrode, for example a solid polymer fuel cell; and methods for producing the electrode 
and the fuel cell. 

Background Art 

10 

[0002] There have been the needs to build up a fuel cell having higher energy conversion efficiency and less emission 
of Nox or Sox, In order to deal with environment or energy issues. In particular, a solid polymer fuel cell (PEFC or 
Polymer Electrolyte Fuel Cell) has excellent characteristics of a low temperature operation at a high output density 
and water generation only in power generation reaction. Further, there have been the needs to build up a direct methanol 
is fuel cell (DMFC or direct methanol polymer fuel ceil) directly using methanol, which is excellent in portability as a fuel. 
[0003] In this regard, it has been desired to solve reduction in performance caused by thefollowing electrode reaction. 

Anode: H 2 -> 2H + + 2e"; 

20 

Cathode: 1/20 2 + 2hf + 2e" -> H 2 0; 
Total reaction: H 2 + 1/20 2 -*H 2 0. 

25 2 2* 

[0004] It has been considered that the problem can be solved by efficiently arranging three-phase interfaces in an 
electrode through which donation and acceptance of reacting substances (for example, H 2 and 0 2 ), protons (H + ) and 
electrons (e*) can be performed at the same time. 

so [0005] A construction of a fuel cell is such that an anode and a cathode are generally arranged so that an electrolyte 
is sandwiched between the electrodes. The electrodes have respective electrode catalyst layers if desired. As a method 
for producing the electrode catalyst layers, there has been available a method In which a mixed solution of a catalyst- 
carrying carbon black and a proton conductive polymer such as Nation (registered trade mark) Is directly coated on 
an electrolyte (for example, see M. S. Wiilson et al., J. Electrochemical. Soc. 139 (2) (1992) 28-30). In the method, 

35 however, only a part of the catalysts carried on the carbon black is actually used for three-phase interfaces, so that a 
performance depending on a catalyst quantity has not been exerted. 

[0006] As means for efficiently arranging the three-phase interfaces, for example, It is considered to increase an 
introduced amount of the catalysts in an electrode reaction. As a catalyst, however, a noble metal such as Pt has been 
generally used. Thus, increased amount of the catalysts leads to a problem of significantly increased cost. 

40 [0007] Another means for efficiently arranging the three-phase interfaces with a suppressed amount of the catalyst 
is disclosed in Japanese Patent Laid-Open Application (JP-A) No. 2002-1 00374 and the like. This publication discloses 
that a cation exchange resin and a catalyst are provided on surfaces of carbon particles, and that the catalyst is arranged 
In the vicinity (site X) of a portion of the cation exchange resin in contact with the surface of the carbon particles. That 
is, the means disclosed in JP-A No, 2002-100374 is to efficiently provide the three-phase Interfaces by arranging a 

45 suppressed amount of the catalyst at the site X. This method cannot efficiently arrange both phases in an arbitrary 
manner, however, since in the method, a catalyst carrying site depends on a polymer placement site. Therefore, the 
method contributes to a suppressed amount of the catalyst introduced, whereas It is impossible to efficiently control 
the structure of a catalyst layer. 

so Disclosure of the Invention 

[0008] Accordingly, an object of the present invention is to provide an electrode for fuel cell, for example, an electrode 
for solid polymer fuel cell, in which electrode three-phase interfaces are efficiently arranged and which electrode has 
improved fuel cell characteristics. 
55 [0009] In addition to the above-mentioned ob] ect, another object of the present invention is to provide a fuel cell 
having the electrode for fuel cell, for example, a solid polymer fuel cell. 

[0010] Further, in addition to, or other than the above-mentioned object, an object of the invention is to provide a 
method for producing the electrode for a fuel cell and a fuel cell having the electrode therein. 
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[0011] The Inventors have conducted Intensive studies with the result that the following matters have been found. 
That is a catalyst Is carried on an electron-conductive material such as carbon black as in a prior art, and the catalyst 
is also disposed in primary pores of the nanometer order to the micrometer order made of carbon black. Thereafter, a 
proton-conductive substance precursor including a proton-conductive monomer is disposed on a surface (including 

s surfaces of primary pores) of the obtained catatyst-carrylng carbon black, and then, the precureor (Including a monomer) 
is coupled or polymerized to thereby form a proton-conductive substance, for example, a proton-conductive polymer. 
3y disposing a proton-conductive substance, for example, a proton-conductive polymer, obtained from a monomer or 
the like in such a manner and a catalyst in primary pores, the three-phase interfaces can be arranged in primary pores 
(in other words, on a microscopic scale) . Usage of primary particles each having the tree-phase interfaces formed on 

10 a microscopic scale, secondary particles thereof or an assembly of primary and secondary particles as an electrode 
forfuel cell enables an electrode forfuel cell and a fuel cell each having more improved characteristics to be obta.ned. 
[0012] Specifically, the inventors have found the following inventions. 

<1> An electrode for fuel cell comprising a porous electron-conductive material carrying a catalyst, wherein a 
is proton-conductive substance is arranged on a surface, including surfaces of pores, of the porous electron-con- 

ductive material or in the vicinity of the surface; and the proton-conductive substance is obtained by carrying out 
coupling or polymerization of a proton-conductive substance precursor, a proton-conductive monomer or an equiv- 
alent thereto on the surface or in the vicinity thereof. 

<2> In the above item <1 >, the catalyst may be a noble metal catalyst, and preferably the catalyst may comprise 
20 a catalyst having an element of platinum group. 

<3> In the above item <1 > or <2>, the catalyst may be Pt or Pt-Ru. 

<4> In any one of the above Items <1> to <3>, the porous electron-conductive material may be a carbon-based 
porous electron-conductive material. 

<5> In the above item <4>, the carbon-based porous electron-conductive material may be selected from the group 
25 consisting of carbon black, acetylene black, graphite, carbon fiber, carbon nanotube, fullerene, activated carbon, 

and glass carbon. 

<6> I n any one of the above Items <1 > to <5>, the pores may have the average diameter of 1 0 urn or less, preferably 
1 nm to 1 pm, more preferably 1 nm to 1 00 nm. 

<7> In any one of the above items <1> to <6>, the proton-conductive substance may be not caused to flow out by 
so a cell power generation operation from the surface of the porous electron-conductive material or in the vicinity 
thereof in particularf rom inside the pore thereof. For example, the proton-conductive substance may be not caused 
to flow out by water from the surface of the material or in the vicinity thereof , in particular from ms.de the pore 

Snany one of the above items <1 > to <7>, one end of the proton-conductive substance may be bound to the 
35 surface of the porous electron-conductive material through a chemical bond. 

<9> In any one of the above items <1 > to <8>, the proton-conductive substance may have a sulfonic group (-S0 3 H), 
a phosphoric group or a carboxyl group. 

<10> in any one of the above items <1> to <9>, the proton-conductive substance may be a proton-conductive 

polymer having a sulfonic group (-SO3H), a phosphoric group or a carboxyl group. 
40 <11 > In any one of the above items <1 > to <1 0>, the proton-conductive substance may have a hydrophobic site, 

and the substance may be adsorbed In a hydrophobic manner to the surface of the porous electron-conductive 

material via the hydrophobic site. . 

<12> In the above item <11 >, wherein the proton-conductive substance may be a proton-conductive polymer, the 

polymer having a hydrophobic site and the polymer being adsorbed in a hydrophobic manner to the surface of the 
45 porous electron-conductive material via the hydrophobic site. 

<1 3> A fuel cell having an electrode for fuel cell described in any one of the above items <1 > to <1 2>. 

<14> A solid polymer fuel cell having an electrode for fuel cell described in any one of the above Items <1 > to <1 2> . 

<1 5> A direct methanol solid polymer fuel cell having an electrode for fuel cell described in any one of the above 

so <i 6> A^electrode for fuel cell comprising a porous electron-conductive material carrying a catalyst, wherein a 

proton-conductive polymer is arranged on a surface of the porous electron-conductive material or in the vicinity of 
the surface; and the proton-conductive polymer Is obtained by carrying out polymerization of a proton-conductive 
monomer or an equivalent thereto on the surface or in the vicinity thereof. 

<1 7> In the above item <1 6=>, the catalyst may be a noble metal catalyst, and preferably the catalyst may comprise 

is a catalyst having an element of platinum group. 

<1 8> In the above item <16> or <17>, the catalyst may be Pt or Pt-Ru. 

<1 9> In any one of the above items <1 6> to <1 8>, the porous electron-conductive material may be a carbon-based 
porous electron-conductive material. 
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<20> In the above Item <19>, the carbon-based porous electron-conductive material may be selected from the 
group consisting of carbon black, acetylene black, graphite, carbon fiber, carbon nanotube, fullerene, activated 
carbon, and glass carbon. 

<21> In any one of the above items <16> to <20>, the pores may have the average diameter of 10 u,m or less, 

5 preferably 1 nm to 1 fim, more preferably 1 nm to 100 nm. 

<22> In any one of the above items <16> to <21>, the proton-conductive polymer may be not caused to flow out 
by a celt power generation operation from the surface of the porous electron-conductive material or in the vicinity 
thereof, in particular from inside the pore thereof. For example, the proton-conductive polymer may be not caused 
to flow out by water from the surface of the material or in the vicinity thereof, in particular from Inside the pore thereof. 

10 <23> In any one of the above items <1 6> to <22>, one end of the proton-conductive polymer may be bound to the 

surface of the porous electron-conductive material through a chemical bond. 

<24> In any one of the above items <16> to <23>, the proton-conductive polymer may have a hydrophobic site, 
and the polymer may be adsorbed in a hydrophobic manner to the surface of the porous electron-conductive 
material via the hydrophobic site. 
15 <25> A fuel cell having an electrode for fuel cell described in any one of the above items <1 6> to <24>. 

<26> A solid poiymerf uel cell having an electrode for fuel cell described in any one of the above items < 1 6> to <24>. 
<27> A direct methanol solid polymer fuel cell having an electrode for fuel cell described in any one of the above 
items <16>to <24>. 

<28> A method for producing an electrode for fuel cell, comprising the steps of: a) causing a catalyst to be carried 
20 on a porous electron-conductive material; b) forming a proton -conductive substance on a surface, including sur- 

faces of pores, of the porous electron-conductive material or in the vicinity thereof ; and c) transforming the porous 
electron-conductive material into an assembly, wherein the steps can be changeable in the order thereof, 
<29> A method for producing an electrode for fuel cell, comprising the steps of: a) causing a catalyst to be carried 
on a porous electron-conductive material; thereafter, b) forming a proton-conductive substance on a surface, in- 
25 eluding surfaces of pores, of the porous electron-conductive material or in the vicinity thereof; and then c) trans- 
forming the obtained porous electron-conductive material into an assembly. 

<30> A method for producing an electrode for fuel cell, comprising the steps of: a) causing a catalyst to be carried 
on a porous electron-conductive material; thereafter, c) transforming the obtained porous electron -conductive ma- 
terial into an assembly; and then, b) forming a proton-conductive substance on a surface, including surfaces of 

30 pores, of the obtained porous electron-conductive material or in the vicinity thereof. 

<31> A method for producing an electrode for fuel cell, comprising the steps of: b) forming aproton-conductive 
substance on a surface, including surfaces of pores, of a porous electron-conductive material or in the vicinity 
thereof; thereafter, a) causing a catalyst to be carried on the obtained porous electron-conductive material; and 
then c) transforming the obtained porous electron-conductive material into an assembly. 

35 <32> A method for producing an electrode for fuel cell, comprising the steps of : b) forming aproton-conductive 

substance on a surface, including surfaces of pores, of a porous electron-conductive material or in the vicinity 
thereof; thereafter, c) transforming the obtained porous electron-conductive material into an assembly; and then, 
a) causing a catalyst to be carried on the obtained porous electron-conductive material. 

<33> A method for producing an electrode for fuel cell, comprising the steps of: c) transfomnin g a porous electron- 
40 conductive material into an assembly; thereafter, a) causing a catalyst to be carried on the porous electron-con- 

ductive material, which is a part of the assembly; and then, b) forming a proton-conductive substance on a surface, 
including surfaces of pores, of the porous electron-conductive material or in the vicinity thereof. 
<34> A method for producing an electrode for fuel cell, comprising the steps of: c) transforming a porous electron- 
conductive materia! into an assembly; thereafter, b) forming a proton-conductive substance on a surface, including 
45 surfaces of pores, of the obtained porous electron-conductive material, which is a part of the assembly, or in the 

vicinity thereof; and then, a) causing a catalyst to be carried on the porous electron -conductive material. 
<35> In any one of the above items <28> to <34>, the step b) may have a modification step of modifying the surface 
of the porous electron-conductive material. 

<36> In any one of the above items <2B> to <35>, the modification step may be inserted before the proton-con- 
50 ductive substance Is disposed on the surface, including surfaces of pores, of the porous electron-conductive ma- 

terial or in the vicinity thereof. 

<37> In any one of the above Items <28> to <36>, the step of forming a proton-conductive substance may be a 
step in which a methylol group is introduced onto the porous electron-conductive material and the methylol group 
is reacted with a proton-conductive substance precursor, to form the proton -con ductive substance. 
55 <38> In any one of the above items <28> to <37>, the catalyst is a noble metal catalyst, and preferably the catalyst 

may comprise a catalyst having an element of platinum group. 
<39> In any one of the above items <28> to <3B>, the catalyst may be Pt or Pt-Ru. 

<40> In any one of the above items <28> to <39>, the porous electron-conductive material may be a carbon-based 
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porous electron-conductive material. 

<41> In any one of the above items <28> to <40>. the carbon-based porous electron -conductive material may be 
selected from the group consisting of carbon black, acetylene black, graphite, carbon fiber, carbon nanotube, 
fullerene, activated carbon, and glass carbon. 
5 <42> In any one of the above Items <28> to <41>, the pores may have the average diameter of 10 nm or less, 

preferably 1 nm to 1 fim, more preferably 1 nm to 1 00 nm. 

<43> In any one of the above Items <28> to <42>, the proton-conductive substance may be not caused to flow 
out by a cell power generation operation from the surface of the porous electron-conductive material or in the 
vicinity thereof, in particular from inside the pore thereof. For example, the proton-conductive substance may be 
10 not caused to flow out by water from the surface of the material or in the vicinity thereof, in particular from inside 

the pore thereof. 

<44> In any one of the above items <28> to <43>, one end of the proton-conductive substance may be bound to 
the surface of the porous electron-conductive material through a chemical bond. 

<45> In any one of the above items <28> to <44>, the proton-conductive substance may have a sulfonic group 
15 (-SO3H), a phosphoric group or a carboxyl group. 

<46> In any one of the above items <28> to <45>, the proton -conductive substance may be a proton-conductive 
polymer having a sulfonic group (-S0 3 H), a phosphoric group or a carboxyl group. 

<47> In any one of the above Items <28> to <46>, the proton-conductive substance may have a hydrophobic site, 
and the substance may be adsorbed in a hydrophobic manner to the surface of the porous electron-conductive 
20 material via the hydrophobic site. 

<48> In any one of the above items <28> to <47>, the proton-conductive substance may be a proton-conductive 
polymer, the polymer having a hydrophobic site and the polymer being adsorbed In a hydrophobic manner to the 
surface of the porous electron-conductive material via the hydrophobic site. 

<49> A method for producing a fuel eel! comprising the step of: using electrodes for fuel cell obtained with the 
25 method described in any one of the above Items <28> to <48> as a cathode and/or an anode; and arranging the 

cathode and/or the anode so as to sandwich an electrolyte therebetween. 

<50> In any one of the above items <28> to <49>, the assembly Is a catalyst layer formed on one or both of the 
electrodes for fuel cell. 

<51 > A method for producing an electrode for fuel cell, comprising the steps of: a) causing a catalyst to be earned 
30 on a porous electron-conductive material; b) polymerizing a proton-conductive monomer on a surface, including 

surfaces of pores, of the porous electron-conductive material or In the vicinity thereof, to form a proton-conductive 
polymer; and c) transforming the porous electron-conductive material into an assembly, wherein the steps can be 
changeable in the order thereof. 

<52> A method for producing an electrode for fuel ceil, comprising the steps of: a) causing a catalyst to be earned 
35 on a porous electron-conductive material; thereafter, b) polymerizing a proton-conductive monomer on a surface, 

including surfaces of pores, of the porous electron-conductive material or in the vicinity thereof , to form a proton- 
conductive polymer; and then c) transforming the obtained porous electron-conductive material into an assembly. 
<53> A method for producing an electrode for fuel cell, comprising the steps of: a) causing a catalyst to be carried 
on a porous electron -conductive material; thereafter, c) transforming the obtained porous electron-conductive ma- 
40 terial into an assembly; and then, b) polymerizing a proton -conductive monomer on a surface, including surfaces 

of pores, of the obtained porous electron-conductive material or in the vicinity thereof, to form a proton -conductive 
polymer. 

<54> A method forproducing an electrode for fuel cell, comprising the steps of: b) polymerizing a proton-conductive 
monomer on a surface, including surfaces of pores, of a porous electron-conductive material or in the vicinity 
45 thereof, to form a proton-conductive polymer; thereafter, a) causing a cataiystto be carried on the obtained porous 

electron-conductive material; and then c) transforming the obtained porous electron-conductive material into an 
assembly. 

<55> A method for producing an electrode for fuel cell, comprising the steps of: b) polymerizi ng a proton-conductive 
monomer on a surface, including surfaces of pores, of a porous electron-conductive material or in the vicinity 

so thereof, to form a proton-conductive polymer; c) transforming the obtainedporous electron-conductive material into 

an assembly; and then, a) causing a catalyst to be carried on the obtained porous electron-conductive material. 
<56> A method forproducing an electrode for fuel cell, comprising the steps of: c) transforming a porous electron- 
conductive material into an assembly; thereafter, a) causing a catalyst to be carried on the porous electron-con- 
ductive material, which is a part of the assembly; and then, b) polymerizing a proton-conductive monomer on a 

55 surface, including surfaces of pores, of the obtained porous electron-conductive material or in the vicinity thereof, 

to form a proton-conductive polymer. 

<57> A method for producing an electrode for fuel cell, comprising the steps of: c) transforming a porous electron- 
conductive material into an assembly; thereafter, b) polymerizing a proton-conductive monomer on a surface , 
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including surfaces of pores, of the obtained porous electron-conductive material, which is a part of the assembly, 
or in the vicinity thereof, to form a proton-conductive polymer; and then, a) causing a catalyst to be carried on the 
obtained electron-conductive material. 

<58> In any one of the above items <51 > to <57>, the step b) may have a modification step of modifying the su rface 
5 of the porous electron-conductive material. 

<59> In the above item <58>, the modification step may be inserted before the proton-conductive monomer is 
disposed on the surface, including surfaces of pores, of the porous electron-conductivematerial or in the vicinity 
thereof , or after the monomer is disposed and before forming the polymer. 

<60> A method for producing a fuel cell comprising the step of: using electrodes for fuel cell obtained with the 
10 method described in any one of the above items <51> to <59> as a cathode and/or an anode; and arranging the 

cathode and/or the anode so as to sandwich an electrolyte therebetween. 

<61> In any one of the above items <51 > to <60>, the assembly is a catalyst layer formed on one or both of the 
electrodes for fuel cell. 

15 Brief Description of the Drawings 

[0013] 

Figs. 1 (a) to 1 (c) are views schematically showing an electrode for fuel cell prepared in a case where carbon black 
20 1 is used as a porous eiectron-conductive material. 

Fig. 2 is a conceptual diagram of a solid polymer fuel cell. 

Fig. 3 Is a graph showing results of fuel cell tests of MEA-1 of Example 2 and MEA-2 of Control 1 . 

Fig. 4 is a graph showing results (Tafel Plotting) of fuel cell tests of MEA-3 of Example 3 and MEA-4 of Control 2. 

25 Best Mode for Carrying Out the Invention 

[0014] The present invention will be described in detail hereinafter. 

[0015] An electrode for fuel cell of the present invention is designed to comprise a proton-conductive substance 
carrying a catalyst, for example, a proton-conductive polymer, which is disposed on (for example, covers) a surface 
30 (including surfaces of pores) of a porous electron-conductive material. The proton-conductive substance, for example, 
the proton-conductive polymer is obtained by polymerizing a proton-conductive substance precursor, a proton-con- 
ductive monomer or an equivalent thereto in the vicinity of the surface. 

[0016] The electrode for fuel cell of the present invention can be used as an anode or a cathode by using a desired 
catalyst. The electrode for fuel cell of the present invention can be used in a various kinds of fuel cells, for example, a 

35 solid polymer fuel cell, by using a desired catalyst or the like. Examples of a fuel for a fuel cell may include, but are 
not limited to, hydrogen; hydrocarbons such as alcohols represented by methanol, ethers, and ketones. The electrode 
for fuel cell of the present invention can be applied to a fuel cell using hydrogen as a fuel, to a direct fuel cell using 
hydrocarbons as a direct fuel or to reforming fuel cell using hydrocarbons after being reformed into hydrogen. 
[001 7] The catalyst used in the present invention is not limited to the above, and any catalyst can be used as far as 

40 providing desired characteristics. For example, a noble metal catalyst, especially, a catalyst system having an element 
of platinum group, and more specifically, Pt, Pt-Ru or the like can be used. Upon using an anode for DMFC, a catalyst 
may be Pt-Ru. 

[0018] The porous electron conductive material used in the present invention may have an electron conductivity in 
the range of from 100 to 100,000 S/cm. 
45 [0019] The porous electron-conductive material may be a carbon-based porous electron-conductive material. Ex- 
amples of the carbon-based porous electron-conductive material may include, but are not limited to, carbon black such 
as channel black, furnace black, acetylene black and Ketjen black (registered trademark), graphite, carbon fiber, car- 
bonnanotube, fullerene, activated carbon, and glass carbon. 

[0020] The porous electro n-conductive-material may have pores having many three-phase interfaces with a larger 
so surface area. Therefore, the average of pore diameters of the porous electron-conductive material may be, for example, 
10 u.m or less, preferably from 1 nmto 1 and more preferably from 1 to 100 m, but not limited thereto. Furthermore, 
an average primary pore diameter of carbon black that is well used as an electrode for fuel cell is in the range of 1 0 to 
30 nm. Thus, carbon black can be used in the present invention. 

[0021] A proton-conductive substance provided to the electrode forfue! cell of the present invention is obtained by 
55 disposing a proton-conductive substance precursor, a proton-conductive monomer or an equivalent thereto in the vi- 
cinity of the surface (including surfaces of pore) of the porous electron-conductive material, followed by a reaction. 
Furthermore, the term "reaction" includes various kinds of reactions together with various kinds of polymerization re- 
action by which a polymer is obtained. 
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[0022] The proton-conductive substance In the present invention may be a substance having a sulfonic group (-S0 3 H) 
a phosphoric group or a carboxyl group disposed in the vicinity of the surface (including surfaces of pores) of the porous 
electron-conductive material. The proton-conductive substance may include: polymers having the above-mentioned 
groups, that is a proton-conductive polymer as well. 
5 [0023] The proton-conductive substance precursor is a compound that can be the "proton-conductive substance". 
Therefore, the proton-conductive substance precursor includes a proton-conductive monomer or an equivalent thereto. 
The term "a proton-conductive monomer or an equivalent thereto" means a precursor of a proton-conductive polymer. 
Furthermore, the proton-conductive monomer or an equivalent thereto may Include a monomer and an equivalent 
thereto in the meaning. The equivalent material means a dimer and trimer. 

10 [0024] The proton-conductive substance precursor may include: a compound having a sulfonic group (-S0 3 H), a 
phosphoric group or a carboxyl group; and a proton-conductive monomer described hereinafter. 
[0025] Examples of the compounds having a sulfonic group (-S0 3 H), a phosphoric group or a carboxyl group may 
include: sulfites (sodium sulfite, potassium sulfite and the like) and the like. Dispersibility of carbon black can be im- 
proved in a case where carbon black or the like Is used as the porous electron-conductive material and a sulfite is used 

15 as the proton-conductive substance precursor, that is, in a case where -CH 2 S0 3 H or the like is coupled to carbon black. 
[0026] Examples of. the proton-conductive monomers may Include: monomers having a vinyl group, a strong acid 
group such as a sulfonic or phosphonic group, a weak acid group such as a carboxylic group, or a strong base group 
such as a primary amine, secondary amine, tertiary amine and quarternary amine, or a monomer having a weak base 
group and a derivative thereof such as an ester in a structure of a molecule such as sodium acrylsulfonate (SAS), 

20 sodium methailyl sulfonate (SMS), sodium p styrene sulfonate (SSS), acrylic acid (AA), and others; and allylamine, 
allylsulfonic acid, allylphosphonic acid, methallylsulfonic acid, methallylphosphonic acid, vinylsulfonic acid.vinylphos- 
phonic acid.styrenesulfonic acid, styrenephosphonic acid, a sulfonic acid or phosphonic acid derivative of acrylamide, 
ethyleneimine and methacrylic acid. In addition, perfluorosulfonic acid or the like can be used. A monomer matured 
into a polymer having an ether bond such as polyethylene oxide (for example, ethylene glycol) can be used as well. 

25 Furthermore, a salt type such as a sodium salt can also be used as a monomer. In this case, the salts in a polymer 
matured from a monomer may be preferably transformed into a proton type. 

[0027] In a case where a proton-conductive polymer is formed with a monomer described above, a homopolymer 
may be formed using only one kind of monomer described above, and a copolymer may be formed using two or more 
kinds of monomers described above. Further, by using monomer other than the above, a copolymer may be formed. 
30 In a case where a monomer or monomers other than the monomers described above, the monomer or monomers are 
preferably used to the extent where no proton-conductivity is affected. 

[0028] The proton-conductive polymer of the present invention is a homopolymer or a copolymer with the monomer 
described above as a repetition unit. In a case of a copolymer, a monomer or monomers other than the monomers 
described above can be used. 

35 [0029] The proton -conductive substance of the present invention may be not caused to flow out by a cell power 
generation operation from the surface of the material, especially from inside pores. For example, the proton-conductive 
substance, for example a proton-conductive polymer, may be not caused to flow out by the action of water from the 
surface of the material, especially from inside pores. More specifically, one end of the proton-conductive substance of 
the present inventionmay be bound to the surfaces of the pores of the porous electron-conductive material through a 

40 chemical bond. Alternatively, the proton-conductive substance of the present invention may have a hydrophobic site, 
and the substance may be adsorbed in a hydrophobic manner to the surfaces of the pores of the porous electron- 
conductive material via the hydrophobic site. In the latter case, examples of the hydrophobic site may include any of 
general hydrophobic groups in organic chemistry, but not particularly limited thereto. Furthermore, the term "hydropho- 
bic adsorption" means a tendency In which hydrophobic groups or hydrophobic substances are adsorbed to each other 

45 in surrounding environment constituted of "water" or "hydrophilic material," which is referred to as "hydrophobic effect," 
"hydrophobic-medium effect" or "hydrophobic coupling." 

[0030] The proton-conductive substance of the present invention may be formed so that one end thereof is bound 
to the surface (including surfaces of pores) of the material according to the following methods. One of the methods is 
such that a porous electron-conductive material is excited by, for example, a plasma, ultraviolet, an electron beam or 

so y rays so as to generate a reaction start point on a surface (including surfaces of pores) of the material, and bringing 
the above-described monomer into contact with the reaction start point to thereby obtain a polymer. Another of the 
methods is such that, after a surface of a porous electron -conductive material is modified, a proton-conductive sub- 
stance precursor is coupled to the modified point. Still another of the methods is such that the above- described mon- 
omer is disposed in the vicinity of the modified point on a material surface (including surfaces of pores) and polymerized 

55 there to obtain a polymer using a general polymerization method, and thereafter, the polymer can also be caused to 
be chemically bound to the obtained porous electron conductive material by using, for example, a coupling agent. 
[0031] Description will be given for an electrode for fuel cell of the Invention with reference to the accompanying 
drawings. 
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[0032] The electrode for fuel cell of the Invention can be made of primary particles, secondary particles and an 
assembly thereof, each having three-phase interfaces formed on a microscopic scale . 

[0033] Figs. 1(a) to 1(c) are views schematically showing an electrode 100 for fuel cell prepared in a case where 
carbon black 1 is used as a porous electron-conductive material. Fig. 1 (a) Is an enlarged view of a primary particle 6 
5 formed with the carbon black 1 as a center. A Pt catalyst 3 is carried In micorpores and a surface of the carbon black 
1. A proton-conductive polymer 5 is arranged so as to cover the pores and the surface of the carbon black 1 and the 
Pt catalyst 3 to thereby form the primary particle 6. Furthermore, Fig. 1 shows an example using a proton-conductive 
polymer as a proton-conductive substance. 

[0034] Fig. 1 (b) is a view showing secondary particles 7 formed by clustering the primary particles 6 (in Fig. 1 (b), 
10 encircled with dotted line)of Fig. 1(a). Since each of the primary particles 6 is provided with the proton-conductive 
polymer, the proton -conductive polymer is provided on a surface and inside pores of the secondary particles 7. 
[0035] Fig. 1 (c) is a view showing an assembly 9 formed by collecting the secondary particles 7 of the carbon black 
1 shown in Fig. 1 (b) . A part of the secondary particles contained in the assembly 9 is shown in Fig. 1 (c) .The assembly 
9 or collected state similar thereto is used as an electrode for fuel cell. Since three-phase interfaces are formed in the 
15 primary particles (on a microscopic scale) as shown in Fig. 1 (a) and held as they are in the secondary particles 7 and 
an assembly 9, the obtained electrode for fuel cell may have improved characteristics. 

[0O36] The electrode for fuel cell of the present invention may be employed for a fuel cell, for example, a solid polymer 
fuel cell, especially, a methanol fuel cell including a direct methanol solid polymer fuel cell or a reformed methanol solid 
polymer fuel cell. 

20 [0037] Brief description will be given for a construction of a fuel celi below. 

[0038] A fuel cell Is, for example, as shown In a conceptual view of a solid polymer fuel cell 20 of Fig. 2, constituted 
of a cathode 21 , an anode 23, and an electrolyte 25 sandwiched between the electrodes. 

[0039] In a case of a methanol fuel cell, a construction may be adopted in which a reformer is placed on the anode 
electrode side so as to work a reformed methanol fuel cell. 

25 [0040] The electrode for fuel cell of the invention can be produced according to the followingprocess: a) a step of 
causing a catalyst to be carried on a porous electron-conductive material, b) a step of forming a proton-conductive 
substance in the vicinity of a surface, Including pores, of the porous electron-conductive material, and c) a step of 
transforming the porous electron-conductive material into an assembly, wherein the steps can be changeable in the 
order thereof. In a case where, in step b), a proton-conductive polymer is formed using a proton-conductive monomer 

30 or an equivalent thereto, a step b) -1 ) described below can be used. That is, the step b) -1 is a step of forming a proton- 
conductive polymer by polymerizing a proton-conductive monomer in the vicinity of the surface, including pores, of the 
porous electron-conductive material. 

[0041 ] More specifically, a first process of the method of the present invention may comprise (a -* b c) : a) a step 
of causing a catalyst to be carried on a porous electron-conductive material; thereafter, b) a step of forming a proton- 
35 conductive substance in the vicinity of a surface, including pores, of the porous electron-conductive material; and c) a 
step of transforming the obtained porous electron-conductive material into an assembly. 

[0042] A second process of the method of the present invention may comprise (a -> c -> b): a) a step of causing a 
catalyst to be carried on a porous electron -conductive material; thereafter , c) a step of transforming the obtainedporous 
electron-conductive materia! into an assembly; and then, b) a step of forming a proton-conductive substance in the 

40 vicinity of a surface, including pores, of the obtained porous electron-conductive material. 

[0043] A third process of the method of the present invention may comprise (b -> a -» c) : b) a step of forming a 
proton-conductive substance in the vicinity of a surface, including pores, of a porous electron-conductive material; 
thereafter, a) a step of causing a catalyst to be carried on the obtained porous electron-conductive material; and c) e 
step of transforming the obtained porous electron-conductive material into an assembly. 

45 [0044] A fourth process of the method of the present invention may comprise (b -» c a) : b) a step of forming a 
proton-conductive substance in the vicinity of a surface, including pores, of a porous electron-conductive material; 
thereafter, c) a step of transforming the obtained porous electron-conductive material into an assembly; and a) a step 
of causing a catalyst to be carried on the obtained porous electron-conductive material. 

[0045] A fifth process of the method of the present invention may comprise (c a -> b) : c) a step of transforming 
so a porous electron -conductive material into an assembly; thereafter, a) a step of causing a catalyst to be carried on the 

porous electron-conductive material, which is a part of the assembly; and b) a step of forming a proton -conductive 

substance In the vicinity of a surface, including pores, of the porous electron-conductive material. 

[0046] A sixth process of the method of the present invention may comprise (c -> b a): c) a step of transforming 

a porous electron-conductive material Into an assembly; thereafter, b) a step of forming a proton-conductive substance 
55 in the vicinity of a surface, including pores, of the porous electron-conductive material, which is a part of the assembly; 

and a) a step of causing a catalyst to be carried on the porous electron -conductive material. 

[0047] The step b) -1 ) can be used instead of the step b) of each of the first to sixth processes. 

[0048] Furthermore, the step b) of each of the processes may include a modification step of modifying the surface 
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of the porous electron-conductive material. The modification step Is preferably Inserted before the proton-conductive 
substance is disposed in the vicinity of the surface including pores. Furthermore, in case where the step b) is replaced 
with the step b)-1), the modification step may be inserted before the proton-conductive monomer is disposed in the 
vicinity of the surface including pores or before a polymer is formed after a monomer is disposed. With the modification 

5 step adopted, it is possible either to couple a surface of a porous electron-conductive material and a proton-conductive 
substance, for example a proton-conductive polymer, through a chemical bond or to accelerate the coupling. Alterna- 
tively, with the modification step adopted, it is possible to accelerate hydrophobic adsorption between a surface of a 
porous electron-conductive material and a proton-conductive substance, for example, a proton-conductive polymer. 
[0049] More specifically, the modification step in a case where the porous electron-conductive material Is carbon 

10 black can be a step of introducing a methylol group onto the surface of the carbon black. 

[0050] After the step of Introducing a methylol group, which is a modification step, the methylol group (-CH 2 OH) can 
be reacted with a proper proton-conductive substance precursor, thereby enabling a proton-conductive substance 
having -S0 3 H orthe like to be formed. To be more concrete, by using sodium sulfite as a proton-conductive substance 
precursor, -CH 2 S0 3 H can be formed as a proton-conductive substance, By using acrylamidet-butylsulfonic acid (ATBS, 

is CH 2 =CH-CO-NH-C(CH3)-CH 2 -S0 3 H), which is a proton-conductive monomer as a proton-conductive substance pre- 
cursor, it is possible to form polyacrylamid t-butylsulfonlc acid (PATBS), which is a proton-conductive polymer as a 
proton-conductive substance. 

Examples: 

20 

[00511 More detailed description will be given for the invention based on examples, but the invention is not limited 
to the examples. 

(Example 1) 

25 

[0052] Carbon black (XC-72, manufactured by Cabot Co.) was used as a porous electron-conductive material. Fur- 
thermore, actually used was carbon black carrying 20 wt% Pt (XC-72, manufactured by E-TEK Co.) which was com- 
mercially available in a state where Pt was carried on the carbon black. 

[0053] A methylol group was introduced onto the carbon black carrying 20 wt% Pt with the following step (1). 

30 

OH (J O O OH 

r- . o„- _ A _ rS — rV°— rV?v « 

35 < ce : 1 cs 1 1 cb 1 1 ce 1 1 cb 1 



[0054] Specifically, an electrophilic substitution reaction was used based on a method of Fujiki et a!., (Kazuhiro FU JIKI 
et at. , Journal of Japan Rubber Society, 64 (6) (1991) 378-385) to introduce a methylol group (-CH 2 -OH) onto surfaces 

40 of carbon black. A mixture of carbon black carrying Pt, an aqueous formaldehyde solution and sodium hydroxide was 
caused to react with each other at 70°C for 24 hr while being agitated. After the reaction, the resulting substance 
(carbonblack) was filtered out and dried at 1 00°C, to obtain a methylol introduced product A-1 . 
[0055] Then, according to the following step (2), a redox polymerization of a proton-conductive polymer was carried 
out using the methylol groups of the methylol group introduced product A-1 as reaction sites. Used as a proton-con- 

45 ductive monomer was a compound obtained by recrystallizing acrylamide t-butylsu!fonic acid (ATBS) in methanol. 
Furthermore, a proton-conductive polymer PATBS (polyacrylamlde t-butylsulfonic acid) having ATBS as a repetition 
unit Is higher reactivity and higher sulfonic group content (4.46 mmol/g). 
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[0056] To be detailed, according to a method of Tsubokawa et al. (N. Tsubokawa et al. f J. Macromol. Sci.-Chem. A, 
25(9) (1988) 1159-1171), polymer graft polymerization was conducted through redox polymerization In the presence 

is of Ce (IV). Added into a two-necked round-bottomed flask were the methylol introduced product A-1 and 0.5 mol/L 
aqueous ATBS monomer solution and further 0.2 mol/L Ce*+ solution, and the resulting mixture was polymerized at 
30°C with stirring. After the reaction, the polymer was dried in vacuo, to obtain PATBS coupled with carbon black 
carrying Pt B-1 , in which PATBS is coupled with carbon black carrying Ptvia methylol groups. Furthermore, the PATBS 
coupled with carbon black carrying Pt B-1 was subj ected to Soxhlet extraction for 24 hr and a non-graft polymer was 

20 removed, to isolate the PATBS coupled with carbon black carrying Pt B-1 . 

[0057] It was confirmed from results of an elemental analysis and FT-IR measurement that the PATBS coupled Pt 
carrying carbon black B-1 has PATBS polymerized therein. In addition, it was confirmed that Pt activity was retained 
by cyclic voltammetry measurement. 

25 (Example 2) 

[0058] Used as a porous electron-conductive material was Ketj en Black carrying 49.1 wt% Pt (Pt, 46.1% on Ketjen 
Black EC, Lot No. 102-0291 , manufactured byTanaka Noble Metal K.K. and hereinafter referred to as 'TEC10E50E"). 
A methylol group was introduced onto the TEC1 0E50E in a manner similar to Example 1 , to obtain methylol-introduced 
30 TEC10E50E(A-2). 

[0059] Distilled water was added into the methylol-introduced TEC1 0E50E (A-2) and the mixture was stirred. A PTFE 
dispersion (polytetraf luoroethylene 60 wt% dispersion in water, manufactured by Aldrich CO.) was further added therein 
and stirred, to obtain a paste product D-1. The paste product D-1 was printed on carbon paper (manufactured by 
TORAY INDUSTRIES, INC.) by means of a screen printing method and the printed carbon paper was dried to obtain 

35 an electrode precursor F-1 having a catalyst layer precursor E-1 thereon. 

[0060] An ATBS monomer solution was introduced onto the catalyst layer precursor E-1 of the electrode precursor 
F-1 and thereafter, a reaction starting agent solution having cerium (IV) was introduced thereonto to conduct a polym- 
erization reaction in a manner similar to step (2) of Example 1 . After the polymerization reaction, the reaction product 
was subjected to Soxhlet extraction to filter out non-graft polymer having no chemical bond to surfaces of carbon black 

40 in the catalytic layer precursor and to thereby obtain a cathode G-1 . 

[0061] An anode H-1 and an electrolyte film 1-1 were prepared separately from the cathode G-1. The anode H-1 
used was the electrode precursor F-1 . The electrolyte film 1-1 used was Nation 112 washed with 1 N nitric acid and 
distilled water. 

[0062] The electrolyte film 1-1 was sandwichedbetween the cathode G-1 and the anode H-1 , and the assembly was 
45 hot pressed at 130°C under 2 MPa for one minute to thereby obtain ME A-1 (MEA: membrane electrode assembly). 

(Control 1) 

[0063] MEA-2 of Control 1 was produced so as to have a structure similar to that of ME A-1 of Example 2, except 
so that a cathode was different from the cathode of the MEA-1 of Example 2. That is, the cathode G-2 having electrode 
precursor F-2 was used, in which the electrode precursor F-2 had a structure similar to the electrode precursor F-1 . 
[0064] Data of MEA-1 of Example 2 and MEA-2 of Control 1 are summarized in Table 1 . 
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Table 1: 





MEA-1 of Example 2 and MEA-2 of Control 1 


5 




Electrolyte film 


Anode 


Cathode 








Pt weight (mg/ 
cm 2 ) 


Graft 
polymerization 


Pt weight (mg/cm 2 ) 


Graft 
polymerization 




MEA-1 


Nation 112 


0.36 


None 


0.19 


Done* 


10 


MEA-2 


Nation 112 


0.48 


None 


0.19 


None 



- after a catalyst layer precursor was formed, an ATBS monomer solution was Introduced to conduct graft polymerization of poly-ATBS. 



<Fuel Cell Power Generation Test -Wide current Density Region-> 

[0065] A fuel cell power generation test (a wide current density region) was conducted using MEA-1 and MEA2. The 
test was conducted as follows. 

[0066] MEA-1 or MEA-2 was set In a PEMFC cell (manufactured by Electro Chem Co.), humidified N 2 gas was flowed 
through the anode and cathode to thereby humidify both electrodes for 3.5 hr. Thereafter, humidified N 2 gas was 
changed into H 2 gas at 1 00 mL/min at the anode and into 0 2 gas at 500 mL/min at the cathode, to eventually replace 
a gas In the cell with a fuel gas. Then, a current at 1000 mA/cm 2 was flowed through the cell. After the system was 
stabilized, l-V was measured. The l-V measurement was conducted after 3 hours of scanning at a speed of a current 
density width of 50 mA/crn 2 /30 sec in a region of 0 to 1000 mA/cm 2 . Fig. 3 shows results of the test. 
[0067] In Fig. 3, the mark o indicates MEA-1 and the mark • indicates MEA-2. MEA-1 (O) exhibits comparatively 
good power generation performance. Comparison with MEA-1 (o) to MEA-2 {•) shows that Poly-ATBS introduced by 
graft polymerization plays a role of proton-conduction In a catalytic layer. 

(Example 3) 

[0068] A methylol group introduced TEC10E50E (A-2) was obtained in a manner similar to Example 2. After an 
aqueous ATBS monomer solution was introduced onto the methylol group introduced product (A-2), a starting agent 
solution was introduced to conduct a polymerization reaction on an oil bath at 35°C for 48 hr. After the reaction was 
completed, a reaction product was collected through filtering and dried. In order to further remove a non-graft polymer 
having no chemical bond to surfaces of carbon black, the dry product was subjected to Soxhlet extraction to obtain a 
PATBS coupled with carbon black carrying Pt B-2. 

[0069] A catalyst layer E-2 was formed on carbon paper (manufactured by TORAY INDUSTRIES, INC.) as follows. 
[0070] The PATBS coupled with carbon black carrying Pt B-2 and distilled water were mixed and stirred. Added into 
the mixture was a Nafion solution (5 wt% solution of Nation perfluorinated ion-exchange resin containing 15 to 20% 
water) and the mixture was stirred for about 30 min. Further added into the mixture was a PTFE dispersion (60 wt% 
dispersion in water of Polytetrafluoroethylene, manufactured by Aldrich Co.) and the mixture was stirred, to obtain a 
catalyst layer paste (D-2). The catalyst layer paste D-2 was printed on carbon paper (manufactured by TORAY IN- 
DUSTRIES, INC.) by means of a screen printing method and the printed carbon paper was dried, to obtain a cathode 
G-3. 

[0071] An electrode and a film having similar structures to those of the anode H-1 and the electrolyte film 1-1 . re- 
spectively, were prepared separately from the cathode G-3 to obtain MEA-3 in a manner similar to Example 2. 

(Control 2) 

[0072] MEA-4 of Control 2 was produced. MEA-4 of Control 2 had a structure similar to that of MEA-4 of Control 1 , 
except that MEA-4 of Control 2 was different in Pt weight from that of MEA-2 of Control 1 . 
[0073] Data of MEA-3 of Example 3 and MEA-4 of Control 2 are summarized in Table 2. 
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Table 2: 



MEA-3 of Example 3 and MEA-4 of Control 2 




Electrolyte film 


Anode 


Cathode 


Pt weight (mg/ 
cm 2 ) 


Graft 
polymerization 


Pt weight (mg/ 
cm 2 ) 


Graft 
polymerization 


MEA-3 


Nation 112 


0.41 


None 


0.43 


Done* 


MEA-4 


Nation 112 


0.40 


None 


0.43 


None 



• before a catalyst layer precursor was formed, an ATBS monomer solution was Introduced in a state of carbon black particles to conduct graft 
polymerization of poly- ATBS. 



<Fuel Cell Power Generation Test -Low Current Density Region-> 

15 

[0074] A fuel cell power generation test (a low current density region) was conducted using MEA-3 and MEA-4. The 
test was conducted in the same manner as in the fuel cell power generation test (wide current density region) before 
the start of l-V measurement and the l-V measurement was conducted in the following way. 

[0075] The l-V was measured such that a current at 1 000 mA/cm 2 was flowed for 1 0 min prior to the l-V measurement 
20 and the l-V measurement was actually conducted after 3 hours of scanning at a speed of a current density width of 1 0 
mA/cm 2 /10 sec in a region of 0 to 100 mA/cm 2 . Results of the test were Tafel plotted (see Fig. 4). Furthermore, Tafe! 
equation can be expressed as shown by the following equation (1). 

25 Ti=blog 10 i Q -blog 10 i Equation (1) 

In Fig. 4, the mark ♦ indicates MEA-3 and the mark • indicates MEA-4. Table 3 shows parameters obtained by fitting. 



Table 3: 



Tafel equation parameters of MEA-3 and MEA-4 




Log 10 in 


-b (V/dec) 


i 0 (A/cm 2 ) 


MEA-4 


-5.82 


0.079 


1.5E-06 


MEA-3 


-5.02 


0.092 


9.5E-06 



[0076] A y intercept of Tafel plotting indicates an exchange current density i 0 . An exchange current density is pro- 
portional to an electrode reaction area (three-phase interfaces). Fig. 4 and Table 3 show that in comparison with ex- 
change current densities i 0 (y intercept) between MEA-3 (♦) andMEA-4 (•), MEA-3 (4) is larger than MEA-4 (•). It is 
40 suggested that in MEA-3 (♦), three-phase interfaces Increase by graft polymerization, especially a catalyst Pt inside 
primary pores on carbon black is effectively used. On the other hand, it is suggested that in MEA-4 (•), a catalyst Pt 
Inside primary pores on carbon black Is not effectively used. 

(Example 4) 

45 

[0077] A methylol group introduced carbon black TEC10E50E (A-2) was obtained in a manner similar to Example 
2. The methylol, group introduced carbon black TEC10E50E (A-2) together with an aqueous formaldehyde solution 
and sodium sulfite was put into a reaction vessel and the mixture was stirred at 11 0°C for 24 hr. Specifically, reactions 
shown below were conducted to obtain methylsulfonic group coupled with carbon black B-3. 

50 
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[0078] The obtained methylsulfonic group coupled with carbon black B-3 was used to. obtain a cathode G-5 in a 
manner similar to Example 3. An electrode and an electrolyte film having structures similar to those of the anode H-1 
15 and the electrolyte 1-1 , respectively, were prepared to thereby obtain MEA-5 in a manner similar to Example 2. A cell 
performance of MEA-5 was observed to be more Improved than MEA-4 of Control 2 In a manner similar to Example 3. 



Claims 

20 

1. An electrode for fuel cell comprising a porous electron-conductive material carrying a catalyst, 

wherein a proton-conductive substance is arranged on a surface, including surfaces of pores, of the porous 
electron-conductive material or in the vicinity of the surface; and 

the proton-conductive substance is obtained by carrying out coupling or polymerizationof a proton -conductive 
25 substance precursor, a proton -conductive monomer or an equivalent thereto on the surface or in the vicinity thereof . 

2. The electrode for fue! cell according to claim 1 , wherein the catalyst is a noble metal catalyst. 

3. The electrode for fuel cell according to claim 1 or 2, wherein the catalyst is Pt or Pt-Ru. 

30 

4. The electrode for fuel cell according to any one of claims 1 to 3, wherein the porous electron-conductive material 
is a carbon-based porous electron-conductive material. 

5. The electrode for fuel cell according to any one of claims 1 to 4, wherein the carbon-based porous electron-con- 
35 ductive material is selected from the group consisting of carbon black, acetylene black, graphite, carbon fiber, 

carbon nanotube, fulierene, activated carbon, and glass carbon. 

6. The electrode for fuel cell according to any one of claims 1 to 5, wherein the pores have the average diameter of 
1 0 u.m or less. 

40 

7. The electrode for fuel cell according to any one of claims 1 to 6, wherein the proton-conductive substance is not 
caused to flow out by a cell power generation operation from the surface of the porous electron-conductive material 
or In the vicinity thereof. 

45 8. The electrode for fuel cell according to any one of claims 1 to 7, wherein one end of the proton-conductive substance 
is bound to the surface of the porous electron -con ductive material through a chemical bond. 

9. The electrode for fuel cell according to any one of claims 1 to B, wherein the proton-conductive substance has a 
sulfonic group (-S0 3 H), a phosphoric group or a carboxyl group. 

50 

10. The electrode for fuel cell according to any one of claims 1 to 9, wherein the proton-conductive substance is a 
proton-conductive polymer having a sulfonic group (-S0 3 H), a phosphoric group or a carboxyl group. 

1 1 . The electrode for fuel cell according to any one of claims 1 to 1 0, wherein the proton-conductive substance has a 
55 hydrophobic site, and the substance is adsorbed In a hydrophobic manner to the surface of the porous electron- 
conductive materia! via the hydrophobic site. 

12. The.electrode for fuel cell according to any one of claims 1 to 11 , wherein the proton-conductive substance Is a 
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proton-conductive polymer, the polymer having a hydrophobic site and the polymer being adsorbed in a hydro- 
phobic manner to the surface of the porous electron -conductive material via the hydrophobic site. 

13. A fuel cell having an electrode for fuel cell according to any one of claims 1 to 12. 

5 

14. A solid polymer fuel cell having an electrode for fuel cell according to any one of claims 1 to 12. 

15. A direct methanol solid polymer fuel cell having an electrode for fuel cell according to any one of claims 1 to 12. 
10 16. A method for producing an electrode for fuel cell, comprising the steps of: 

a) causing a catalyst to be carried on a porous electron-conductive material; 

b) forming a proton-conductive substance on a surface, including surfaces of pores, of the porous electron- 
conductive materia! or in the vicinity thereof; and 

15 c) transforming the porous electron -conductive material into an assembly, 

f 

wherein the steps can be changeable in the order thereof. 

17. A method for producing an electrode for fuel cell, comprising the steps of: 

a) causing a catalyst to be carried on a porous electron-conductive material; 

thereafter, b) forming a proton-conductive substance on a surface, including surfaces of pores, of the 
porous electron-conductive material or in the vicinity thereof; and 

then c) transforming the obtained porous electron-conductive material into an assembly. 

18. A method for producing an electrode for fuel cell, comprising the steps of: 

a) causing a catalyst to be carried on a porous electron -conductive material; 

thereafter, c) transforming the obtained porous electron-conductive material into an assembly; and 
30 then, b) forming a proton-conductive substance on a surface, including surfaces of pores, of the obtained 

porous electron-conductive material or in the vicinity thereof. 

19. A method for producing an electrode for fuel cell, comprising the steps of: 

35 b) forming a proton-conductive substance on a surface, including surfaces of pores, of a porous electron- 

conductive material or In the vicinity thereof; 

thereafter, a) causing a catalyst to be carried on the obtained porous electron-conductive material; and 
then c) transforming the obtained porous electron-conductive material into an assembly. 

40 20. A method for producing an electrode for fuel cell, comprising the steps of: 

b) forming a proton-conductive substance on a surface, including surfaces of pores, of a porous electron- 
conductive material or in the vicinity thereof; 

thereafter, c) transforming the obtained porous electron-conductive material into an assembly; and 
45 then, a) causing a catalyst to be carried on the obtained porous electron-conductive material. 

21. A method for producing an electrode for fuel cell, comprising the steps of: 

c) transforming a porous electron-conductive material into an assembly; 

so thereafter, a) causing a catalyst to be carried on the porous electron-conductive material, which is a part 

of the assembly; and 

then, b) forming a proton-conductive substance on a surface, including surfaces of pores, of the porous 
electron-conductive material or in the vicinity thereof. 

55 22. A method for producing an electrode for fuel cell, comprising the steps of: 

c) transforming a porous electron-conductive material into an assembly; 

thereafter, b) forming a proton-conductive substance on a surface, including surfaces of pores, of the 
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obtained porous electron-conductive material, which is a part of the assembly, or in the vicinity thereof; and 
then, a) causing a catalyst to be carried on the porous electron-conductive material. 

23. The method according to any one of claims 1 6 to 22, wherein the step b) has a modification step of modifying the 
s surface of the porous electron-conductive material. 

24. The method according to any one of claims 1 6 to 23, wherein the modification step is inserted before the proton- 
conductive substance is disposed on the surface, including surfaces of pores, of the porous electron-conductive 
material or In the vicinity thereof. 

w 

25. The method according to any one of claims 1 6 to 24, wherein the step of forming a proton-conductive substance 
is a step in which a methylol group is introduced onto the porous electron-conductive material and the methyloi 
group is reacted with a proton-conductive substance precursor, to form the proton-conductive substance. 

15 26. The method according to any one of claims 1 6 to 25, wherein the catalyst is a noble metal catalyst. 

27. The method according to any one of claims 16 to 26, wherein the catalyst is Pt or Pt-Ru. 

28. The method according to any one of claims 16 to 27 , wherein the porous electron -conductive material is a carbon- 
20 based porous electron -conductive material. 

29 The method according to claim 28, wherein the carbon-based porous electron-conductive material is selected from 
the group consisting of carbon black, acetylene black, graphite, carbon fiber, carbon nanotube, fullerene, activated 
carbon, and glass carbon. 

25 

30. The method according to any one of claims 1 6 to 29, wherein the pores have the average diameter of 1 0 urn or less. 

31 The method according to any one of claims 1 6 to 29, wherein the proton-conductive substance is not caused to 
flow out by a cell power generation operation from the surface of the porous electron-conductive material or in the 
30 vicinity thereof, especially from inside the pores. 

32. The method according to any one of claims 1 6 to 31 , wherein one end of the proton-conductive substance is bound 
to the surface of the porous electron -conductive material through a chemical bond. 

35 33. The method according to any one of claims 16 to 32, wherein the proton^conductive substance has a sulfonic 
group (-S0 3 H), a phosphoric group or a carboxyl group. 

34. The method according to any one of claims 16 to 33, wherein the proton-conductive substance is a proton-con- 
ductive polymer having a sulfonic group (-S0 3 H), a phosphoric group or a carboxyl group. 

35 The method according to any one of claims 1 6 to 34, wherein the proton-conductive substance has a hydrophobic 
site, and the substance is adsorbed in a hydrophobic manner to the surface of the porous electron-conductive 
material via the hydrophobic site. 

45 36 The method according to any one of claims 16 to 35, wherein the proton-conductive substance is a proton-con- 
ductive polymer, the polymer having a hydrophobic site and the polymer being adsorbed in a hydrophobic manner 
to the surface of the porous electron-conductive material via the hydrophobic site. 

37. A method for producing a fuel cell, comprising the steps of: 

using electrodes for fuel cell obtained with a method according to any one of claims 16 to 36 as a cathode 
and/or an anode; and 

arranging the cathode and/or the anode so as to sandwich an electrolyte therebetween. 

55 38. The method according to any one of claims 1 6 to 37, wherein the assembly is a catalyst layer formed on one or 
both of the electrodes for fuel cell. 
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